This work was carried out during the two successive winter seasons of 2014/ 2015 and 2015/ 2016 at Meet Assas village, (Private Farm) Gharbieh Governorate, Egypt, on sweet fennel plants, to investigate the utilization of some different sources and rates of organic manure (chicken and farmyard manure) at 50 and100 % of recommended rate / fed., foliar fertilizer of seaweed extracts ( without and with 2 g / liter) compared with mineral NPK fertilizer at 50 and 100 % of recommended rate /fed., and their interaction on plant growth, yield (bulb and fruit fennel) and chemical composition. The application of farmyard manure at 100 % with seaweed extract showed increased growth compared to the chicken manure at 100% or inorganic fertilizer at 100% with seaweed extracts in the plant fresh and dry weight, plant height, number of leaves, bulb and fruits yield, as well as essential oil. Similarly, chemical parameters have also shown increased from farmyard manure over the inorganic fertilizers. Thus our study provides the evidence for using seaweed extract with organic fertilizer like farmyard manure by farmers to have better yield to produce from bulbs and fruits, organic manure is easy available, environmentally safe and cost effective in sweet fennel plants
INTRODUTION
Sweet Fennel (Foeniculum vulgare Mill.) is a plant belonging to the Umbelliferae (Apiaceae) family; it is native to North Africa, Mediterranean Region, southern Europe and Asia (Abd El-Wahab and Mehasen, 2009 ). Medicinal and aromatic plants are important economic products which represent significant sources of economic revenue and foreign exchange and are among the most important agricultural export products. The Egyptian government in collaboration with the WHO seeks to protect fennel plants that serve as a source for pharmaceutical compounds and who might increase the export of these plants from Egypt to all over the world (Egypt Magazine, 2000) . Fennel is traditionally used as a remedy for upper respiratory catarrh due to its calming effects on bronchitis and cough. It is also used as a diuretic and often added to purgatives to alleviate their tendency to cause gripe and improve their flavor (Grieve, 1984) . It is also used to promote lactation, aid to weight loss and longevity (Facciola, 1990) . Fennel oil showed bactericidal and antifungal properties. The flavor of fennel oil depends upon its main constitutes: fenchone, estragole and anethole. Eestragole is a bitter tasting element, while anethole has a sweet anise-like flavor (Braun and Franz, 1990) . Proportions of these ingredients vary according to strains and region (Lawrence, 1984) .
Application of inorganic fertilizer for promoting the growth of important staple food crops has been used for many decades. But synthetic manure adversely affected the soil chemistry thus soil become less affable for plant growth, in addition to it become also harmful for human health (Camargo and Alonso 2006) . Organic products based on concept of increasing market opportunity exclude or prohibit the use of conventional crop inputs common to modern farming. Chemical pesticides and fertilizers are not allowed in organic certification program (Abd-Alla et. al, 2001) . To achieve optimal quality and economic returns, organic farming system rely upon crop rotation, crop residues, animal manures, legumes, green manures, off farm organic wastes and biological pest control (Abd-Alla et al, 2001) .These components maintain soil productivity, supply nutrients and help control insects, weeds, and other pests. Pollution with chemical fertilizers arose as an aim of health cure, thus attempts were done for solving problems of chemical fertilization, and the organic farming technique represents a move towards an alternative system of agriculture (Abd-Alla et al, 2001) .Recently seaweeds gaining more importance as the growth stimulator, seaweeds are natural growth stimulator which enhance of plant growth at various level of plants life (Fleurence, 1999) . Use of seaweed extract in organic farming technique is one of the safest ways to conserve environmental resources, avoid pollution and obtain food and agriculture crops. Seaweeds are organic and biodegradable in nature (Cassan, et al.,1992) . Seaweed extracts have proven to accelerate the health and growth of plants. Seaweed extracts supplies nitrogen, phosphorous, potash as well as trace minerals like Zn, Mn, Mg, Fe, etc (Crouch et al., 1990) . Its extract contains natural plant growth substances like auxins, gibberlins and cytokinins (Crouch and Van Staden, 1993) . This trace elements present in seaweed extract are in naturally chelated form and are readily available to plants. It accelerates photosynthesis and further develops healthy foliage (Kavitha et al., 2008) . It is essential to explore the extent of applicability of seaweeds extract in organic farming techniques. Hence, in present investigation possibilities were explored to study the effect of foliar applications of seaweed extract and organic fertilizers on growth, bulb fruit yield, volatile oil and quality improvement of sweet fennel plant
MATERIALS AND METHODS
Field experiments were carried out in aprivate farm at Meet Assas village, Gharbieh Governorate, Egypt, during the two successive winter growing seasons of 2014/ 2015 and 2015/ 2016 to investigate the utilization of some different sources and rates of organic manure (chicken and farmyard manure) and foliar fertilization treatments with seaweed extracts, compared with mineral NPK fertilizer and their interaction on plant growth, yield (bulb and fruit fennel), chemical composition and quality of sweet fennel plant. Seeds of sweet Fennel plants were obtained from the Medicinal and Aromatic Plants Section of Agricultural Research Center, El-Dokki, Cairo, Egypt.
Some physical and chemical properties of the experimental soil at the depth of 0-30 cm were shown in Table ( A).According Page et al. (1982) .Chemical analyses of organic manure were cleaned in Table (B) . Chemical analyses of organic manure were determinate by using stander methods as described by A.O.A.C. (1990) .
The Field experiment section to split-plot design factorial experiment in complete randomized block design with 3 replicates. The main-plot was divided into plots, and the plot area was 1.5 x 3 meters, containing five rows, every row was 1.5 meters, and the seed sown was in hill on distance 25 cm between hills and the distance between two rows was 60 cm. in both seasons. The main-plots were devoted for organic and inorganic fertilizers, while the seaweed extract treatments randomly distributed in the sub-plot. The experimental studied treatments were as follows:
A-Mineral NPK fertilizers rates:
Mineral fertilizers were added at 50 and 100 % of recommended rate as follows: 1-Mineral nitrogen fertilizer was added as ammonium sulfate (21.5 % N) at the two rates 30 and 60 kg N/fed. 2-Mineral phosphate fertilizer was added as curium super phosphate (15.5 % P 2 O 5 ) at the two rates 22.5 and 45 kg P 2 O 5 /fed.
3-Mineral potassium fertilizer was added as potassium sulfate at 25and 50 kg K 2 O / fed. Only half dose of nitrogen and potassium were after month from sowing, after thinned to one plant per hill (before the first irrigation), and while the remaining portion was applied four weeks after (before the third irrigation) as well as, the calcium superphosphate was added during the preparation of soil.
B-organic manure fertilizers:
Organic fertilizers were added at 50 and 100 % of recommended rate as follows: 1-Farmyard manure (FYM) was added at 20and 40 m 3 /fed. 2-Chicken manure (CHM) was added at 15and 30 m 3 /fed. Organic manure was added before ploughed the soil.
C-Seaweed extract
Seaweed extract was used as foliar spraying (2 g/L) at three times at four, six and eight weeks after seed sowing date. Seaweed extract (Algifret) were prepared as powder of Ascophyllum nodosum and biological fertilizer, contains appreciable quantities of macro nutrients (N 1%, P 2 O 5 3%, K 2 O 18%, S 1.5 % Mg 0.3 % and Ca 0.1 %), micro nutrients (B 110 ppm, Fe 150 ppm, Mn10 ppm Cu 4 ppm and Zn 50 ppm), phytohormones, amino acids and vitamins. It was obtained from Sidase Egypt Company. All agricultural practices were conducted according to the main recommendations by the Egyptian Ministry of Agriculture. 
Data recorded:
A random sample of four plants was taken from each experimental treatment four month after sowing and the following data were recorded during the two seasons. 1-Vegetative growth characters: Plant height (cm); leaf number per plant; bulb dimensions (length, width and thickness); leaves, bulbs and total plant fresh and dry weight (g/plant) and bulb yield (ton / feddan). Chlorophyll a+b were using calorimetrically in the sweet fennel leaves during two seasons according to the methods described by Wettstein(1957) and calculated as mg/g fresh weight. 2-fruit yield: At harvesting stage, samples of four plants were randomly chosen from each experimental unit for determining the following characters i.e. number of umbels/plantandfruit yield (g/plant and ton / feddan) 3-Chemical composition:Samples were dried in an electric oven at 70 °C for 24 hours, then, dried herb samples was used to determine total carbohydrate percentages according to Herbert et al. (1971) . Then, N, P and K were determined according to A.O.A.C (1990) Statistical analysis:-The data of the experiment was tabulated and subjected to statistical analysis according to Snedecor and Cochran (1980) .
RESULTS AND DISCUSSION
I-Effect of mineral, organic fertilizers and seaweed extract on vegetative growth: 1-Plant length and Leaves numbers / plant: Data in Table ( 1) show that organic or mineral fertilizers (NPK) at full dose (100%) had significant effect on plant height and leaves number / plant compared to half dose (50%), in both seasons. The farmyard manure at full dose treatment gave the highest values, followed by NPK fertilizers then chicken manure in the two seasons. These results are in agreement with those reported by Sanni (2016) on Amaranthus hybridus plant pointed out that the highest values of plant height, leaves number / plant obtained with cow dung fertilizer compared with NPK fertilizer.
Concerning seaweed extract treatments, plants sprayed with seaweed extract significantly increased plant height and number of leaves / plant of sweet fennel in the two season compared to control(without seaweed extract ) as shown in Table ( 1), Confirm these results Shehata et al. (2011) mentioned that seaweed extract was the best in enhancing leaf height, number of leaves /plant on celeriac plant . The interaction between seaweed extract and organic manure fertilizers sources or NPK fertilizer had a positive effect on plant height and number of leaves / plant of sweet fennel is presented in (Table 1) 
2-Bulb dimensions:
Effect of organic manure and NPK fertilizers, data present in Table ( 2) reveal that bulb dimensions (thickness, width and length) of sweet fennel plants was enhanced by increasing organic manure and NPK fertilizers from 50 to 100 % in two seasons. Moreover, the highest values of bulb dimensions (thickness, width and length) were obtained from application of farmyard manure at the rate of 100% / fed compared with other chicken manure or NPK treatments at same rate, in both seasons. These results were in agreement with those obtained by El-Desuki et al. (2001) mentioned that organic manure was increased of bulb diameter in fennel plant.
Also, data in Table ( 2) indicated clearly that the bulb dimensions (thickness, width and length) of sweet fennel plant were significantly increased by foliar application with seaweed extract compared to without seaweed extract treatment, in the two seasons. Similar results on the stimulatory effects of seaweed extract on other plant were also noticed by Tarek and Hassan (2014) found that the application of seaweed extract on garlic plant significantly improved bulb diameter.
The interaction of organic manure fertilizers with seaweed extract resulted in significant increase in bulb dimensions (thickness, width and length) of sweet fennel plant, in the two seasons, data in Table ( 2). The interaction of farmyard manure at rate of 100 % with seaweed extract resulted in the highest values of bulb dimensions, compared with NPK fertilizers or chicken manure at all rats with seaweed extract, in two seasons. The better efficiency of organic manures might be due to the fact that organic manures especially FYM would have provided the micronutrients such as Zn, Cu, Fe, Mn and Mg in an optimum level. Zinc is involved in the biochemical synthesis of most important phytohormone, Indole Acetic Acid through the pathway of conversion of IAA. Iron is involved in chlorophyll synthesis pathway. Copper and Manganese are the important coenzymes for certain respiratory reaction. Magnesium is involved in chlorophyll synthesis which in turn increases the rate of photosynthesis. Application of organic manure thus would have helped in the plant metabolic activity through the supply of such important micronutrients in the early vigorous growth (Anburani and Manivannan, 2002) . 
3-Fresh and dry weight of leaves, bulb and total plant:
Data presented in Table ( 3 and 4) show that fresh and dry weight of leaves, bulb and total plant of sweet fennel increased with increasing the rates of NPK fertilizers or organic manure treatments, in both seasons. The highest significantly values of fresh and dry weight of leaves, bulb and total plant by treatment receiving farmyard manure at the rate of 100% followed by NPK fertilizer at the same rate and the least values were resulted from chicken manure treatments, in the two seasons. Positive effect on fresh and dry weight of leaves, bulb and total plant by using organic manure may be attributed to that organic manure enhanced soil aggregation, soil aeration, water holding capacity and offered good soil conditions for the root system of plants (Abou El-Magd et al., 2006) . In addition, organic manures are slow releaser and provide nutrients throughout growth period (Arisha et al., 2003) . In a field experiment, El-Desuki et al. (2001) found that the average values of fresh and dry weights of leaves and bulb in sweet fennel treated with organic were significant increased compared to control.
Data illustrated in Table ( 3 and 4) indicated that fresh and dry weight of leaves, bulb and total plant of sweet fennel were significantly increased by foliar spray with seaweed extract treatment compared to without seaweed extract, in both seasons. The stimulating effect of seaweed extract on growth characters might be attributed to its essential action on enhancing cell division because it contains higher amounts of nutrients namely (N,P, K, Mg, Ca, S, Cu, Fe, Mn, B and Mo), natural hormones like cytokines, IA A and GA3, amino acids, vitamins and antioxidants (Soliman et al., 2000) , these constituents play an important roles in protecting plants cells from damage and all stresses around plants and improving cell division and the biosynthesis of organic foods (Stirk and Van, 1997 As for the interaction effect of the two study factor, data in Table ( 3 and 4) reveal that fresh and dry weight of leaves, bulb and total plant of sweet fennel influenced by the interaction in both seasons. Generally, fertilized plant with farmyard manure at 100% combination with seaweed extract produced the highest fresh and dry weight of leaves, bulb and total plant, in two seasons, whereas the lowest values were obtained as a result of untreated by chicken manure without seaweed extract, in both seasons. These results are similar with those reported by El. 
II-Effect of mineral, organic fertilizers and seaweed extract on fruit stage: 1-Number of umbels / plant and fruit yield (g/plant):
Data shown in Table ( 5) pointed out significant differences in number of umbels and fruit yield per plant as affected by the mineral and different organic fertilizers in both seasons. The plants that received the farmyard manure at 100 % had the largest number of umbels and fruit yield per plant; however the least number of umbels and fruit yield per plant were formed on the plants supplied with the low rate of chicken manure in the first and second seasons. These results were in line with those of Dadiga et al. (2015) on coriander plant It was clear from data in Table (5) that seaweed extract increased number of umbels and fruit yield per plant significantly when compared with the control (without seaweed extract) in both seasons. The synergistic effect of seaweed extract may be due to the increase on plant growth. These results were in accordance to those obtained by Gehan (2015) on fennel plant.
It can be observed from data in Table (5) that in the two seasons, the plants that received the farmyard manure and sprayed with seaweed extract formed the largest number of umbels and fruit yield per plant, however the plants that received the chicken manure without seaweed extract formed the least number of umbels and fruit yield per plant. The differences between most interaction treatments were significant in both seasons. The positive effect of farmyard manure on number of umbels and fruit yield per plant might be related to the improvement of physical conditions of the soil, which provided energy for micro-organisms' activity and increased the availability and uptake of nutrients, which were positively reflected on the increase plant growth, number of umbels and fruit yield per plant. Higher yield response due to organics is ascribed to improvement in physical and biological properties of soil resulted in better supply of nutrients led to good crop growth and yield. The reason for increased number of umbels and fruit yield could be attributed to solubilization effect of plant nutrients by the addition of FYM leading to increased uptake of NPK ( Sendurkumaran et al., 1998) . 
2-Yield of bulb and fruit /fed.:
The obtained data in Table ( 6) showed significant differences between mineral and organic fertilizers at 100% when compared with mineral and organic fertilizers at 50% in both seasons. The plants which received the farmyard manure at 100 % recorded the heaviest bulbs and fruit yield per fed., while the plants that received the lowest chicken manure dose recorded the lightest bulbs and fruit yield per fed. In both seasons. The promotive effect of farmyard manure may be due to increase of nutrients in the soil. This increase can encourage the plant growth, which increased the photosynthetic rates leading to an increase in the assimilation rates and hence the bulbs and fruit yield per feddan were increased. The above mentioned results followed the same trend of these obtained by Zeinab et al. (2015) on sweet fennel plants and Dadiga et al. (2015) on coriander plant. Table ( 6) point out significant increase in bulbs and fruit yield per fed. as affected by the seaweed extract when compared to without seaweed extract, in both seasons. Also, yield increases in seaweed-treated plants are thought to be associated with the hormonal substances present in the extracts especially cytokinins (Norrie and Keathley, 2005) .
These results confirmed with the finding of Gehan (2015) on fennel plant. Also, Dogra and Mandradia (2012) mentioned that Seaweed extract was the best in enhancing bulb weight and yield in onion plant.
The data in Table ( 6) showed variable differences in bulbs and fruit yield per fed., in the two seasons. The plants which received the mineral or organic fertilizers and sprayed with seaweed extract increased significant with compared by plants which received the mineral or organic fertilizers and without seaweed extract. Fertilized plant with farmyard manure at 100% and sprayed by seaweed extract gave the highest value followed by plants received the NPK fertilizer and sprayed also with seaweed extract. On the other hand, plants that received the low chicken manure dose without seaweed extract gave the lowest value.
III-Essential oil determination:
The collected data in Table (7), cleared that the percentage, content per plant (ml) and yield per feddan (liter) of essential oil were affected with different sources and rates of organic manure, comparative with NPK fertilizer, in both seasons. The highest values resulted from plants fertilized with the farmyard manure, followed by NPK fertilizer, while the lowest essential oil percentage, oil content / plant and oil yield / fed., resulted from plants fertilized with the chicken manure. The favourable effect of the farmyard manure may be due to its effect on number of umbels per plant and fruit yield/fed., hence the oil content / plant and oil yield / fed., were increased. The above mentioned results followed the same trend of these obtained by Younesian et al. (2013) on sweet fennel plant. (7) revealed that the percentage, content per plant (ml) and yield per feddan (liter) of essential oil were significantly affected by the plant sprayed with seaweed extract with compared to without seaweed extract during the two growing seasons. These results confirmed with the finding of Gehan (2015) on fennel plant.
It was clear from the data presented in Table ( 7) that a significant interaction effect was observed between mineral or organic fertilizers and seaweed extract treatments on essential oil percentage, oil content ml / plant and oil yield liter / feddan in both seasons. The plants supplied with the farmyard manure at 100 % and sprayed with seaweed extract recorded the highest value, followed by mineral fertilizer at 100 % with seaweed extract, while the least value resulted from plants supplied with the low chicken manure dose without seaweed extract.
IV-Chemical constituents: 1-Chlorophyll a+b content and total carbohydrates percentages:
Data presented in Table ( 8) indicated in the two seasons that fertilizing plants with the farmyard manure at 100% produced the highest chlorophyll a+b content in fresh leaves and total carbohydrates percentages in dried leaves of sweet fennel plant, followed by NPK at 100%, while fertilizing plants with the low chicken manure dose gave the lowest values in this concern. The favourable effect of the full suitable farmyard manure on chlorophyll a+b content and total carbohydrate percentages may infer that farmyard manure enabled plants to absorb efficiently water and available nutrients from soil, leading to growth, encourage photosynthetic activity and accumulation of carbohydrates. These findings agreed with the work of El-Afifi et al (2009) on squash plants. Data in the same Table revealed that, the chlorophyll a+b content in fresh leaves and total carbohydrates percentage in dried leaves of sweet fennel plant were significantly affected by the plant sprayed with seaweed extract when compared to without seaweed extract during the two growing seasons. The higher own content of seaweed extract from nutrients especially (Mg) as well as amino acids and vitamins surely reflected on enhancing the biosynthesis of plant pigments and total carbohydrates consequently advancing carbohydrate maturity (Soliman et. al., 2000) Moreover, these results were in agreement with the results obtained by Shehata et al. (2011) on celeriac plant Concerning the interaction effect between mineral or organic fertilizers and seaweed extract treatments (Table, 8 ), it was noticed that plants which received the farmyard manure at 100 % and sprayed with seaweed extract recorded the highest chlorophyll a+b content in fresh leaves and total carbohydrates percentage in dried leaves of sweet fennel plant, while fertilizing plants with the chicken manure gave the lowest values in this concern. The chlorophyll content in the leaves might have been significantly improved with the application of organic source of nutrients. The increased application of FYM, which contain appreciable quantities of magnesium, might have helped in chlorophyll synthesis which in turn increased the rate of photosynthesis. The results are in agreement with the findings of and Sanwal et al. (2007) .These results are in agreement with those obtained by El-Afifi et al.(2009) on squash plants 2. N, P and K percentages:
Mineral and organic fertilizers induced variable N, P and K percentages in both seasons as presented in Table ( 9) . The high mineral and organic fertilizers gave considerably the highest nitrogen, phosphorus and potassium in the both seasons. As well as, the farmyard manure gave the highest values of N and P percentage, while the chicken manure led to the highest potassium percentage, in the two seasons. These results were in agreement with the findings of El-Afifi et al.(2009) on squash plants.
Data in Table ( 9) clearly illustrate that the folair application of seaweed extract significantly affected percentages of N, P and K in leaves of sweet fennel plant. The highest respect values of macronutrients (N, P and K) were obtained from the plant which were foliar sprayed by seaweed extract in the two seasons. The increments of N, P and K percentage in the leaves might be attributed to organic and mineral elements constituents of seaweed extract. This trend is similar to that of Shehata et al. (2011) 
on celeriac plant
It was quite clear from results in Table (9) that the nitrogen, phosphorus and potassium percentages of sweet fennel herb were affected by the interaction between mineral or organic fertilizers and seaweed extract. The high farmyard manure dose combined with seaweed extract gave the highest percentages of N and P, while the chicken manure at 100 % combined with seaweed extract gave the highest percentages of P in the two seasons, respectively. These results were in agreement with those obtained by El-Afifi et al. (2009) on squash plants. 
